Characterization of Biochemical Properties of Melanosomes for Structural and Functional Differentiation: Analysis of the Compositions of Lipids and Proteins in Melanosomes and Their Subfractions  by Jimbow, Mihoko et al.
Aug. 1982 
9. Michaelsson G, Ljunghall K, Danielsson BG: Zinc in epidermis and 
dermis in healthy subjects. Acta Dermatovener (Stockh) 
60:295-300, 1980 
10. St. Leger D, Berreby C, Dubuz C, Agashe P: Lipometre-Easy tool 
for rapid quantitation of skin surface lipids in man. Arch Der-
matol Res 265:79-89, 1979 
11. Layne E: Spectrophotometric and turbidimetric methods for meas-
uring proteins, Methods in Enzymol, vol 3. Edited by SP Colo-
wick and NO Kaplan. New York, Acad. Press Inc. , 1957, pp 447-
453 
12. Brownlee KA: Statistical Theory and Methodology in Science and 
Engineering, 2nd ed. New York, John Wiley & Sons, 1965 
13. Vahlquist A: The identification of dehydroretinol (vitamin A2) in 
human skin. Experientia 36:317-318, 1980 
14. Thompson IN, Maxwell WB: Reverse phase high pressw·e liquid 
chromatography of vitamin A in margarine, infant formula and 
fortified milk. JAOAC 60:766-768,1977 
0022·202X/ 82/7902·0097$02.00/0 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY, 79:97-102, 1982 
Copyright © 1982 by The Williams & Wilkins Co. 
VITAMIN A IN HUMAN SKIN II 97 
15. Mackenna RMB, Wheatley VR, Wormall A: Studies of sebum. 
Biochem J 52:161-168, 1952 
16. Festenstein GN, Morton RA: Spectrophotometric studies on hu-
man sebum. Biochem J 52:168-177,1952 
17. Vahlquist A, Lee JB, Michaelsson G: Darier's disease and vitamin 
A. Arch Dermatol, in press 
18. Rollman 0, Vahlquist A: Cutaneous vitamin A levels in seborrheic 
keratosis, actinic keratosis and basal cell carcinoma. Arch Der-
matol Res 270:193-196, 1981 
19. Forsum U, Rask L, Tjernlund U, Peterson PA: Detection of the 
vitamin A carrier plasma proteins in human epidermis. Arch 
Dermatol Res 258:85-88, 1977 
20. Greenberg R, Cornbleet T , Demovsky R: Conversion of carotene to 
vitamin A by sebaceous glands. Arch Dermatol 76:17-23, 1957 
21. Yamada E , Hirosawa K: The possible existence of a vitamin A-
storing cell system. Cell Struct Funct 1:201-204, 1976 
Vol. 79, No.2 
Printed in U.S.A. 
Characterization of Biochemical Properties of Melanosomes for 
Structural and Functional Differentiation: Analysis of the Compositions 
of Lipids and Proteins in Melanosomes and Their Subfractions 
MIHOKO JIMBOW, M.D., HIDEO KANOH, M.D. , PH.D., AND KOWICHI JIMBOW, M.D. , PH.D. 
Departments of Dermatology (MJ, KJ) and Biochemistry (HK), Sapporo Teishin Hospital (MJ) and Sapporo Medical College, 
Sapporo, Japan 
Two types ofmelanosomes were isolated from B16 and 
Harding Passey (HP) mou'se melanomas to elucidate 
whether there are any features of melanosomal lipids 
and proteins related to the differences in morphology of 
melanosomes and in the biological activities of mela-
noma cells. Biochemical analyses were made to clarify 
(a) the lipid components of the 2 melanosomes and (b) 
the lipid and polypeptide compositions of their subfrac-
tions, i.e., the outer surface and inner core, resolved by 
a detergent, Brij-35, separately. We found (a) that the 
lipid contents in B16 melanosomes were much higher 
than those in HP, (b) that the B16 and HP melanosomes 
could be fractionated into a phospholipid-rich outer sur-
face 'and phospholipid-poor core, (c) that both outer sur-
face and core subfractions of HP were distinct from the 
corresponding subfractions of B16 with respect to phos-
pholipid contents, (d) that the outer surface of B16 and 
HP revealed a polypeptide composition similar to each 
other, although the protein contents of the outer surface 
were much lower than those of core and (e) that the total 
melanosomes showed a marked difference in polypep-
tides between B16 and HP. In addition, both B16 and HP 
melanosomes revealed the alteration of lipid composi-
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tions, e.g., fatty acid acyl chain, similar to that observed 
during malignant transformation. There was not, how-
ever, any significant difference in acyl compositions be-
tween B16 and HP. It is likely that melanosomal lipid 
and protein not only affect the different morphogenesis 
of melanosomes but also reflect the different biological 
activities of whole cells, and that lipids, primarily located 
in the outer surface, regulate the functional aspects of 
melanosome development whereas the melanosomal 
proteins, primarily constituting the core, control the 
structural differentiation of melanosomes. 
In malignant melanoma, 2 types of morphologically distinct 
melanosomes are formed, i.e., (a) ellipsoidal-lamellar melano-
somes ofBI6 type, which are also seen in normal skin and black 
hair, and (b) spherical-granular melanosomes of Harding Passey 
(HP) type seen also in normal yellow and red hair. In both 
types of melanosomes, the earliest form (stage I) is identical 
under electron microscopy. From stage II to IV, they reveal 
characteristic ultrastructme by three dimensional assembly and 
organization of structural components. A switch from BI6 to 
HP type melanosomes or vice versa can occm in a melanocyte 
under such conditions as natural hair growth in mice (1,2], after 
exposure to ultraviolet (UV) light [3] and topical application of 
chemicals [4], and in human malignant melanoma [5]. 
In the preceding studies [6,7], we have partially characterized 
tyrosinase and the cored matrix proteins of BI6 and HP mela-
nosomes to investigate to what extent the structmal compo-
nents are attributable to the morphogenesis of melanosomes. 
We found that the physico-chemical and immunological prop-
erties of tyrosinase were identical. However, the polypeptide 
compositions of the cored matrix fractions were quite different 
between BI6 and HP, apparently representing the structmal 
uniqueness of melanosomes and also, biological difference of 
the two melanomas. 
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The lipid composition of biological membrane has been 
shown to affect a number of membrane-associated activities in 
a variety of systems [B-11], including the malignant transfor-
mation of animal cells [12-16]. The melanosomes also appear 
to possess the membrane-associated activities which regulate 
the organization and maturation of melanosomes and even the 
differentiation of the whole cells, e.g., glutathione and cys-
teine incorporation into melanosomes during pheomelanoge-
nesis [17], transfer of tyrosinase via coated vesicles into mela-
nosomes [lB,19] and internalization of hormone receptor-ade-
nylate cyclase complexes into melanosomes during new mela-
nogenesis stimulated by melanocyte stimulating hormone [20]. 
In the present study, we have analyzed the lipid compositions 
ofHP and B16 melanosomes to see whether there is any feature 
of lipids related to the differences in the morphology of mela-
nosomes and in the biological activities of whole cells. Further-
more, resolution of the melanosomes by the use of detergent 
into 2 subfractions, i.e., outer surface and inner matrix (core) 
fractions, has been made to investigate the lipid as well as 
polypeptide compositions separately in the 2 melanosomal 
subfractions, inasmuch as the biochemical properties of the 
melanosomes and their subfractions in terms of lipid and pro-
tein interrelation have been little studied previously. 
EXPERIMENTAL METHODS 
Melanosome Isolation 
The detailed procedures of melanosome isolation and source 
of B16 and HP melanomas were reported previously [6,7]. 
Briefly, B16 and HP melanomas were minced in the 0.25 M 
sucrose-4 mM phosphate buffer, pH 6.B (2 rnl/gm of tumor), to 
which 2 mM phenylmethyl sulphonyl fluoride (PMSF), pre-
pared in isopropyl alcohol, was included to avoid the proteolytic 
digestion . The minced tissue was homogenized with a glass-
Teflon homogenizer. The nuclei and cell fragments were sedi-
mented by layering the homogenates on the 0.5 M sucrose. The 
melanosome suspension was then applied to a discontinuous 
sucrose density gradient ultracentrifugation (concentration 
range: 1.0 M-2:0 M sucrose) at 105,000 xg for 2 hr with a Hitachi 
RPS-25S rotor. The melanosomal fraction was obtained at the 
bottom of 2.0 M sucrose. Usually 20 gm of the tumor was used 
in each experiment. The melanosomes were suspended in 1 mM 
phosphate buffer, pH 6.B, at a concentration of approximately 
1.0-1.5 mg protein/rnl. 
Purity of Melanosomes and Enzyme Assay 
The purity \of melanosomes was examined by electron mi-
croscopy and by' contents of RNA and DNA, and enzymic 
activities of cytoplasmic organelles, i.e., acid phosphatase, glu-
cose 6-phosphatase, 5' -nucleotidase, thiamine pyrophosphatase, 
NADH-cytochrome C reductase and tyrosinase. The methods 
of assaying enzyme markers and proteins were reported in our 
previous study [7]. As has been described previously, the indi-
vidual melanosomes prepared were surrounded by a membrane. 
The activities of marker enzymes for other organelles were 
negligible in the prepared melanosomes. There was no obvious 
difference between the purities of melanosomes prepared from 
HP and B16 melanomas. 
Subfractionation of Melanosomes and Protein Determination 
The resolution of melanosomes was performed by the method 
. described previously [7]. The melanosomes were suspended in 
0.1% Brij-35/4 mM phosphate buffer (pH 6.B) at a concentration 
of abo'ut 15 mg of protein per rnl. The mixture was stirred in 
the cold for 10 min, and then centrifuged (105,000 xg) for 30 
min. As reported previously [7], the pellet obtained was electron 
microscopically the inner core with little structural change but 
was devoid of the surrounding outer surface merribrane. The 
supernatant fraction obtained after centrifugation was taken as 
the solubilized outer surface membrane. 
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In the case of analyzing polypeptide compositions, total un-
fractionated melanosomes and inner cores were solubilized by 
homogenizing with a Polytron homogenizer (No.5, for 3 min) 
in 7 M guanidine HCl/0.01 M phosphate buffer, pH B.O, at room 
temperature [7]. 
Proteins of melanosomes and other organelles were estimated 
by the Folin-Lowry method [21]. For melanosomal protein, the 
test sample was preheated in 1 N NaOH for 30 min at 100°C, 
and the absorbance due to melanin was subtracted from that of 
the experimental sample. Bovine serum albumin was used as a 
standard. 
Analysis of Lipids 
Usually 6 rnl of the melanosomal suspensions was homoge-
nized in 20 vol (v) of chloroform/methanol (2:1, v/v) by a 
Polytron homogenizer. After standing overnight at room tem-
perature, the lipid extracts were filtered, and washed succes-
sively with 0.9% NaCI and methanol/water (1:1, v/v) saturated 
with chloroform [22]. The washed extracts were dried under 
nitrogen and dissolved in 2.0 rnl of toluene/methanol (9:1, v I v) 
for further analysis. The lipids of the melanosomal subfractions 
(Brij-solubilized and particulate fractions) were extracted by 
the same method. More than 95% of total unfractionated me-
lanosomal phospholipids were recovered after Brij-treatment, 
indicating that the lipids of unfractionated and Brij-fractionated 
melanosomes were extracted with a similar efficiency. The 
effectiveness of the lipid extraction method was also tested by 
extracting melanosomallipids by other methods. The extraction 
by the method of Bligh and Dyer [23], and reflux of melano-
somal suspension in chloroform/methanol (1:2, v/v) containing 
0.1 M HCI at BO°C yielded a similar recovery of lipid-phos-
phorus. 
Neutral lipids were separated by thin-layer chromatography 
(TLC) on Kiesel Gel H (Merck, West Germany) with the 
solvent system of petroleum ether/diethyl ether/acetic acid 
(70:30:1, by volume). Phospholipids were separated by two 
dimensional TLC by the method of Rouser, Simon, and Kr'itch-
evsky [24]. Approximately 1 /Lmole of phospholipids was first 
fractionated in chloroform/methanol/2B% ammonia (65:35:5, 
by volume) . After drying the plates completely under nitrogen 
flow, the second development was done with chloroform/ ace-
tone/methanol/acetic acid/water (5:2:1:1:0.5, by volume). The 
fractionated phospholipids were detected under UV light after 
spraying dichlofluorescein in ethanol, and were extracted from 
the silica gel with chloroform/methanol/acetic acid/water 
(50:39:1:10, by volume) [25]. In some cases the phospholipid 
spots were localized by exposure to iodine vapor and were 
scraped directly into test tubes for phosphorus determination. 
Neutral lipids were eluted from the silica with diethyl ether. In 
TLC, identification of lipids was done by coclu'omatography of 
standard materials used in our previous report [26]. 
Fatty acids of phosphatidylcholine were analyzed by quanti-
tative gas-liquid chromatography (GLC) of fatty acid methyl 
esters after transesterification in 2% H2SO. in benzene/metha-
nol (1:1, v/v) together with an internal standard pentadecanoic 
acid [27]. The analysis was carried out in a Shimadzu Gas 
Chromatograph model APP-5 equipped with a digital integra-
tor. A I-meter long glass column packed with 10% diethylene 
glycol succinate on Shimalite W (Shimadzu Seisakusho, Kyoto, 
Japan) was used at 1BO°C with nitrogen as the carrier gas (45 
rnl/min). Triacylglycerol and free fatty acids were determined 
by GLC of fatty acid methyl esters by the same method. 
In order to analyze the positional distribution of fatty acids, 
phosphatidylcholine was degraded by phospholipase A2 (Cro-
talus adam ante us, Sigma Chemical Co., U.S.A.) [25]. Phospha-
tidylcholine was dissolved in 5 rnl of diethyl ether, and 0.5 rnl 
of phospholipase A (2 mg/rnl of 0.1 M Tris-HCI, pH 7.4) and 
0.05 rnl of 50 mM CaCh were added. Prior to the experiments, 
the snake venom phospholipase A was heated at 100°C for 2 
min at pH 5.5. The tubes were stoppered and vigorously shaken 
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for more than 3 hrs at room temperature. When more than 90% 
of the phospholipid was degraded, the mixtme was dried under 
nitrogen flow, dissolved in small amounts of chloroform/ meth-
anol (2:1, v Iv), and applied to thin-layer plates [28]. The plates 
were first developed in petroleum ether/ diethyl ether/ acetic 
acid (30:70:1, by volume). After scraping off liberated free fatty 
acids, which migrated to just below the solvent front, the plates 
were further developed with chloroform/ methanol/acetic acid/ 
water (48:38:10:5, by volume) [28). Free fatty acids and lyso-
phosphatidylcholine were eluted from the gel as described 
above. 
Mild alkaline and acid treatment of phospholipids was done 
according to the method of Kates [29). Approximately 2 /Lmol 
of phosphatidylethanolamine pmified from melanosom.es was 
treated successively with 0.2 N methanolic NaOH and 25 roM 
HgCl2 in 0.05 N HCI. The phosphorus of alkali- and acid-stable 
lipids and of liberated water-soluble compounds was deter-
mined by the method of Bartlett [30). The cholesterol was 
measmed by the method of Zak [31). 
Polyacrylamide Gel Electrophoresis (PAGE) 
Disc-PAGE of 7.5% or 10% polyacrylamide was prepared with 
0.1 % sodium dodecyl sulfate (SDS) in a slab gel system after 
the method of Laemmli and Favre (32). The solubilized mate-
rials were dialyzed against the sample buffer containing 0.1% 
SDS and 5% mercaptoethanol overnight. Generally 150 /Lg 
protein of samples was applied to each slot. Protein pattern was 
stained with 0.1% Coomassie brilliant blue R-250 overnight and 
destained with methanol-acetic acid solution and scanned at 
545 nm by a Toyo Digital Densitorol DHU-33C (Toyo Co., 
Japan). The subunit-mol wt of proteins was estimated by 
standard marker proteins as reported previously [7). A mixtme 
of these proteins was electrophor~sed in duplicate on each side 
of the gels. 
Lactoperoxidase·catalysed Iodination of Melanosomal Sur-
face 
The purified melanosomes were washed with 0.15 M NaCI in 
0.01 M phosphate buffer, pH 7.2 for 4 times and suspended in 
the same buffer containing 5 roM glucose. They were then 
iodinated by the procedure described by Marchalonis (33). The 
reaction mixture contained 250 /LCi of the carrier free NaI 125 
(Radiochemical Center, Amersham), 2.8 /Lmol glucose, 5 unit of 
lactoperoxidase (Sigma Chemical Co., U.S.A.) and 3 unit of 
glucose oxidase (Sigma Chemical Co.) in 1 ml for 10 min at 
room temperature. After removal of the supernatant by cen-
trifugation (4,000 xg, 10 min), the melanosomes were washed 
3 times with 0.15 M NaCI-O.01 M phosphate buffer, pH 7.2, 
containing 2 mM PMSF. The outer smface of the melanosomes 
was then solubilized by the sample buffer for SDS-PAGE. The 
radioactivity pattern of PAGE was developed by directly ex-
posing the methanol-aceton fixed gels to Kodak XM-2 film 
(Eastman Kodak Co., Rochester, U.S.A.) for 4 days in the cold. 
RESULTS 
Lipid Compositions of Unfractionated Melanosomes 
Since no quantitative data on melanosomal lipids are avail-
able, we first analyzed lipid compositions of melanosomes ob-
tained from HP and B16 melanomas (Table I). The most 
marked finding was that B16 melanosomes contained phospho-
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lipids per mg of protein as much as 2-fold more than did HP 
melanosomes. This finding apparently indicated the functional 
and/ or biochemical differences between the 2 melanosomes, 
since the pmity of the melanosomes prepared from HP and B16 
melanomas was quite similar to each other as reported previ-
ously [6,7). Except for phospholipids, there was hardly any 
difference in the lipid contents between the two melanosomes. 
It was noted that the ratio of cholesterol to phospholipids in 
HP melanosomes was much higher than that in B16 melano-
somes. As presented in Table II, the 2 melanosomes showed 
quite similar phospholipid compositions in spite of the quanti-
tative difference as descl'ibed above. The contents of lysophos-
pholipids were somewhat higher than those so far described for 
most of the animal tissues [34). Although melanosomes were 
always carefully prepared at temperatures below 4°C, the pos-
sibility of lipid breakdown by the action of endogenous melan-
ocytic phospholipase(s) dming the preparation procedures 
could not be excluded. This may partly explain the relatively 
high content of free fatty acids in both melanosomes (Table I). 
The results of mild alkaline and acid treatment showed that 
phosphatidylethanolamine, common to HP and B16 melano-
somes, consisted of 71.7% diacyl, 16.4% alk-l-enyl acyl, and 
11.9% alkyl acyl types. 
In Table III, the fatty acid compositions of phosphatidylcho-
line from HP and B16 melanosomes were analyzed to see 
whether there is any difference in the acyl compositions related 
to the different biological activities of the two melanomas. It 
was found that the contents of polyunsaturated fatty acids 
(linoleic, arachidonic and docosahexaenoic acids) were ex-
tremely small in both melanosomes. This becanle apparent 
when the data were compared to those obtained from rat liver 
phosphatidylcholine, which was simultaneously analyzed as a 
control experiment. Although the corresponding data for nor-
mal melanocytes or melanocytic organelles other than mela-
nosomes are lacking, this finding is in line with the earlier 
observations with the transformed cells which showed increased 
ratio of oleic to arachidonic acids [13-15). In addition, the 
positional distribution of fatty acids in phosphatidylcholine 
from HP and BI6 melanosomes was markedly deviated from 
that of the control, rat liver phosphatidylcholine. Considerable 
amounts of palmitic and oleic acids were distributed in the C-2 
and C-1 positions, respectively. Some linoleic acid was also 
found at the Col position. However, the 2 melanosomes did not 
show any significant difference in the fatty acid distribution, 
except that the content of 2-palmitoyl species in HP melano-
somes was higher than that in BI6 melanosomes. In addition, 
fatty acid composition of triacylglycerol was also similar in both 
types of melanosomes. In this case, oleic acid (36%) was the 
TABLE II. Phospholipid composition in melanosomes from HP alld 
B16 melanomas 
Mole %" 
Melano omes pc· PE Sph PS ± PI LysoPE LysoPC Unidentified 
HP 43.9 23.9 6.4 8.2 4.3 7.0 6.3 
BI6 44.4 29.4 5.5 7.4 3.9 2.4 7.4 
" The data are average values from 2 determinations. 
/, PC: phosphatidylcholine; PE: phosphatidylethanolamine; Sph: 
sphingomyelin; PS: phosphatidylserine; PI: ' phospha tidyJinositol; 
LysoPE: lysophosphatidylethanolamine; LysoPC: lysophosphatldyl-
chol ine. 
TABLE I. Lipid composition of melanosomes obtained from Hpn and B16 melanomas 
Melanosomes 
HP (n = 3) 
B16 (n = 3) 
Phospholipids 
59.0 ± 1.2 
129.0 + 0.8 
The resu lts w'e averages ± SE. 
" HP: Harding Passey melanoma. 
Cholesterol 
42.0 ± 0.0 
52.0 ± 0.7 
nmoles/ mg of protein 
Cholesterol ester 
4.0 ± 0.0 
6.0 + 0.1 
Free fatty acids 
56.0 ± 2.0 
33.0 + 0.4 
Triacylglycerol 
10.0 ± 0.1 
5.0 ± 0.1 
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TABLE III. Positional distribution of fatty acids in phosphatidylcholine obtained from HP and B 16 melanosomes and rat liver 
Futty acids" (mole %) 
C16:0 C16:1 C18:0 C l 8:1 C 18:2 C20:4 C22:6 Saturated/ u nsa tu ra ted 
HP 
Total PC" 45.7 0.3 15.0 29.4 5.4 4.2 60.7/ 39.3 
Position-1 56.1 23.3 18.3 2.2 79.4/20.6 
Position-2 37.6 46.9 15.1 0.4 37.6/62.4 
B16 
Total PC 40.1 0.8 13.5 36.1 7.5 2.0 53.6/46.4 
Position-1 52.2 0.25 27.5 14.2 6.1 79.7/20.3 
Position-2 15.2 5.0 2.2 60.1 14.6 2.9 17.4/82.6 
Rat liver 
Total PC 19.7 21.4 9.0 13.1 30.4 6.4 41.1 / 58.9 
Position-1 38.9 51.4 8.5 1.2 90.3/ 9.7 
Position-2 4.3 7.8 22.1 54 .7 ILl 4.3/ 95.7 
a Fatty acids are designated by the number of carbon atoms in the acyl chains and by the number of double bonds. 
b PC: phosphatidylcholine. 
The data are average values from 2 experiments. 
most abundant unsaturated fatty acid as was the case for 
phosphatidylcholine. Unlike phosphatidylcholine, triacylgly-
cerol had relatively less palmitic acid (about 30%), but more 
linoleic acid (about 14%). 
Lipids and Polypeptides of Fractionated Melanosomes 
The contents of phospholipids were determined in the Brij-
fractionated melanosomes and are presented in Table IV. As 
reported previously [7], the outer surface fractions of both 
melanosomes appeared to represent less than 10% of the total 
proteins. However, more than 20% and 26% of total phospholip-
ids were dissociated from B16 and HP melanosomes, respec-
tively. This indicated that the extent of solubilization of phos-
pholipids was much more than that of proteins. Since our 
previous study showed that Brij affected the outer surface of 
melanosomes with little structural .changes in their core frac-
tions, this appears to suggest that melanosomes are composed 
of phospholipid-rich surface fractions and phospholipid-poor 
inner matrix. Reflecting the different phospholipid contents in 
unfractionated melanosomes (Table I), the 2 subfractions ob-
tained from B16 melanosomes contained phospholipids in ex-
cess of the corresponding fractions of HP melanosomes. This 
finding suggests that both the outer surface and core fractions 
obtained from HP and B16 melanosomes are distinctly different 
from each other. Since the cores of HP and B16 melanosomes 
are morphologically different from each other, we determined 
the phospholipid, compositions of the cores of both melano-
somes to see whether the phospholipids are responsible for the 
observed morphological differences. However, we failed to de-
tect any significant differences of phospholipid compositions 
between the two melanosomes (datil not shown). The data were 
quite similar to those obtained from total unfractionated mel-
anosomes as presented in Table II. The phospholipids of the 
Brij-solubilized fractions could not be studied adequately due 
to the limited materials and the presence of Brij which inter-
fered with chromatographic separations. 
From the results so far described, the outer surface and inner 
matrix (core) fractions of melanosomes appeared to be distin-
guishable with respect to phospholipid contents. We previously 
compared the two melanosomes with respect to the polypeptide 
compositions of the inner matrix fractions [7], which represent 
the majority of the melanosomal proteins. Since the outer 
surface fractions appears to be involved in the transport of 
substances across the melanosomal membranes more directly 
than the core [17-20], we attempted to characterize the proteins 
of the outer surface fractions. As a first step, we analyzed the 
polypeptides of the total unfractionated melanosomes (Table 
V) . As the inner matrix fractions comprised the major part of 
the melanosomal proteins (Table IV), the conclusions obtained 
were essentially the same as those previously described for 
TABLE IV . Solubilization" of proteins and phospholipids by Brij· 
treatment of B16 and HP melanosomes 
Protein Phospholipids 
Type of melanomas (nmoles/mg protein) 
1/' n /' 1/' n b 
HP melanoma 
Total melanosomes 100 100 100 100 
(61) (61) 
Brij-treated 
Solubilized 9.4 6.9 36.4 26.6 
(194) (233) 
Particulate 90.6 93.1 63.6 73.4 
(31) (46) 
B16 melanoma 
Total melanosomes 100 100 100 100 
(139) (150) 
Brij-treated 
Solubilized 4.8 7.1 19.0 21.4 
(460) (345) 
Particulate 95.2 92.9 81.0 78.6 
(93) (96) 
" Solubilization: expressed as % distribut ion. 
"1 and II: Experiment I and II 
inner matrix fractions [7]. The proteins from B16 and HP 
melanosomes were resolved into 16 and 15 bands, respectively, 
of which 11 species were identical in mol wt with 4 major bands. 
The relative abundance of a band of 3.3 X 104 daltons was 
markedly different between the 2 melanosomes. The proteins 
unique to each form of melanosomes with respect to size, 
comprised 16 and 32% of total proteins of B16 and HP mela-
nosomes, respectively. The polypeptide of 4.9 X 104 daltons in 
mol wt was unique to HP inelanosomes and showed a high 
relative abundance as much as 12.5% (Table V) . 
In both HP and B16 melanosomes, the number of polypep-
tides resolved in the outer surface fractions was less than that 
from the total melanosomes or core fractions, and the polypep-
tide composition was considerably different between the outer 
surface and inner matrix (core) fractions. Among the major 
polypeptides of B16 melanosomes, the concentrations of those 
of mol wt of 3.3 X 104 and 4.4 X 104 daltons were much less in 
the surface, although the others appeared to be similar in 
concentrations between the 2 melanosomal subfractions. In HP 
melanosomes, the difference of polypeptide compositions be-
tween the 2 melanosomal subfractions was not so marked as in 
B16 melanosomes, except for the band corresponding to 5.4 X 
104 daltons which was not detected in the outer surface fraction. 
As a second step, a comparison was made between the outer 
surface fractions of HP and B16 melanosomes and we found 
that there was not so great a difference in the polypeptide 
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TABLE V. Number of species, mol wt and % distribution of melanosomal proteins in B16 and HP melanomas 
BI6 Melanoma HP Melanoma 
% Distributionfl % Distribu tion 
No. of Molwt No. of Mol wt 
Species (X IO") whole 
particle Brij sup Brijb ppl Species (X 10") whole particle Brij sup Brij ppt 
1 24 3.0 5.1 6.5 1 24 2.0 1.6 7.7 
2 25 3.8 12.5 2 25 1.7 3.6 
3 29 2.5 2.7 3 28 2.0 3.6 6.7 
4 33 14.9" 2.3 14.4 4 33 3.9 2.7 1.8 
5 41 14.3 15.4 15.4 5 41 12.4 17.7 14.8 
6 44 11.7 2.7 10.9 6 44 8.5 6.0 3.1 
7 49 12.5 7.7 11.7 
7 53 15.4 12.4 14.0 8 53 21.3 13.8 J&L 
9 54 11.5 10.6 
8 59 4.0 4.8 
9 64 2.0 3.8 
10 68 8.0 6.2 7.8 10 68 2.8 7.1 4.7 
11 77 4.1 3.0 2.8 11 75 3.9 2.9 4.8 
12 83 2.3 3.9 12 83 1.7 3.6 
13 89 1.8 1.4 2.2 13 89 2.2 1.8 1.7 
14 94 2.1 2.4 2.2 14 94 3.8 1.4 4.5 
15 105 2.0 
16 158 0.8 1.0 15 158 2.2 1.0 
" % Distribution: Percent stain of each species of melanosomal proteins against total solubilized materials; gels were stained by Coomassie 
brilliant blue and traced by a Toyo Digital Densitorol at 545 nm; minor components less than 1% stain were not listed in Brij 
sup. 
" Brij ppt: Data of tIlls part were already published in our previous report [7]. 
C __ : Major bands in B16 and HP melanosomes. 
compositions of the Brij-solubilized subfractions. Common to 
HP and B16 melanosomes, there , were 3 major species, corre-
sponding to the mol wt of 4.1 X 104 , 5.3 X 104 , and 6.8 X 10" 
daltons (Table V). The significance of the data for 2,5 X 104 
mol wt species in B16 melanosomes was difficult to evaluate, 
since this species formed a rather diffusely distributed band. 
Furthermore, when the outer surface of melanosomes was 
labelled by the lactoperoxidase-mediated radioiodination, it was 
found that B16 and HP melanosomes contain two polypeptide 
bands with surface tyrosine residues (Figure). These two bands 
were identical in positions, i.e., mol wt of 8.9 and 2,5 X 104 
daltons, and similar in radioactivity between B16 and HP. The 
radioactivity of 8.9 X 104 dalton protein was much higher than 
that of 2.5 X 104 • 
DISCUSSION 
Previously the lipids in human melanoma tissues were chro-
matographed, and cholesterol and phospholipids were pru·tly 
estimated [35,36]. However, our present study appears to be 
the fU'st to describe the quantitative analysis of lipids in mela-
nosomes and their subfractions. Melanosomal subfractions were 
also chru'acterized by analyzing their polypeptide components. 
The rationale behind this study lies in the following facts; (a) 
the membrane lipid is the integral component which regulates 
the cellular and subcellular physiology, (b) the melanosomes 
are surrounded by a membrane (the outer surface) tlu'ough 
which the organization and maturation of melanosomes may be 
controlled, (c) B16 and HP melanosomes reveal the outer shape 
and the irmer matrix (core), the ultrastructure of which is 
entirely different, and (d) B16 and HP melanomas are quite 
distinct in biological activities in in vivo and in vitro systems, 
e.g., host source (black mice in B16 and white albino mice in 
HP), tumor size (small in B16 and large in HP), tissue vascu-
larity (high in B16 and low in HP), growth rate (rapid in B16 
and slow in HP), plating efficiency (high in BI6 and low in HP), 
metastasis activity (high in B16 and low in HP) and natural 
host death (2-3 weeks in B16 and 3-4 mo in HP). 
In this study, we found (a) that the relative amounts of 
phosphoiipids per mg of proteins in B16 melanosomes were 
-8.9 4 
xl0 
-2.5 4 
xl0 
--bottom 
An autoradiogram of lactoperoxidase-mediated radioiodination. 
higher than those in HP, (b) that the BI6 and HP melanosomes 
could be fractionated into phospholipid-rich outer surface and 
phospholipid-poor core, (c) that both outer surface and core 
subfractions of HP were different from the corresponding 
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subfractions of B16 with respect to phospholipid contents, (d) 
that the outer surface revealed polypeptide compositions simi-
lar to both B16 and HP, although the protein contents of the 
outer surface were much lower than th ose of core and (e) that, 
in contrast, the total melanosomes showed a marked difference 
in polypeptide compositions similar to those of the core fraction 
reported previously [7]. Thus, B16 and HP melanosomes re-
vealed a significant difference in the relative ratio of phospho-
lipids and proteins. It might be that contamination of melano-
somes with other subcellular fractions like microsomes affects 
the results. All of these findings were, however, considered 
significant, inasmuch as in our previous reports [6,7], th e mel-
anosome preparations of B16 and HP revealed the same degree 
of the purity as judged by th e distribution of cytoplasmic 
marker enzymes and by electron microscopy. Although no data 
have been available for the melanocytic organelles other than 
melanosomes, i~ was interesting to note that t he phospholipid 
contents determined for both HP and B16 melanosomes are 
considerably lower than those so far described, e.g., rat liver 
microsomes [37] and other subcellular fractions [34]. 
Triton X-100, and polyoxyethylene alcohols of Lubrol and 
Brij are known to be "mild" detergents. They have been most 
commonly used to solubilize the membrane proteins without 
loss of their biological activities [38]. A likely pitfall might be 
that phospholipids were extracted by Brij from the core fraction 
of melanosomes more preferentially than proteins, thus affect-
ing the phospholipid conten ts of the subfractionated melano-
somes. Howev!'!", this seems unlikely from th e following find-
ings; (a) the electron microscopic study [6,7] clearly indicated 
that our Brij treatment procedure primarily affected the outer 
surface of t he melanosomes with complete loss of the outer 
membrane, but hardly caused any apparent changes of the core, 
e.g., fme structure and electron density of lamellar and granular 
patterns, and osmium affinity of the internal matrix (core), 
which should be inevitable if a considerable portion of phos-
pholipids had been released from thEl core; (b) the compositions 
of Brij solubilized polypeptides were quite similar in Table V 
and almost identical in Figure between B16 and HP, indicating 
that the influence of the solubilized components from the core, 
if any, would be minimal inasmuch as their core fractiol}s 
revealed a marked difference in polypeptide compositions. 
There was a considerable accumulation of free fatty acids in 
2 types of melanosomes. Although no data have been available 
~n the lipid-degrading enzyme activities of melanocytes, it is 
li~ely that the absolute contents of phospholipids might be 
higher than those presented in Table 1. However, even if 
assuming that all, of the free fatty acids were derived solely 
from phospholipids, the amounts of degraded phospholipids 
~ere calculated to be less than 28 and 17 nmoles per mg protein 
m HP and B16 melanosomes, respectively. This estimated loss 
of l~pids, again.' did not appear to affect the significance of our 
major conc.lusIOns on the relative differences of phospholipid 
contents of the total (Table I) and fractio nated melanosomes 
(Table IV). 
T he present findings in the subfractionation of melanosomal 
components, then, may bring at least one important information 
for the biological control of melanogenesis. Previously, the 
outer surface an.d the core of melanosomes were distinguished 
only morphologIcally [7,39,40]. This study indicated that the 
core of both types of melanosomes are relatively poor in phos-
pholipids and r ich in polypeptides which are markedly different 
with respect to their compositions. On the other hand, the outer 
surface fractions of B16 and HP melanosomes were similar in 
polypeptide compositions, but quite rich and different in rela-
tive phospholipid contents. These two facts may suggest that 
the outer surface of melanosomes is structurally similar, but 
functionally different between B16 and HP and that the protein 
components, rather than phospholipids, are responsible for the 
structural difference of the melanosomes. In addition, the rel-
ative enrichment of phospholipids in the surface fractions of 
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B16 and HP melanosomes may support the recent proposal 
that melanogenic process, e.g., synthesis, melanization and 
transfer of melanosomes, can be viewed as a cascade of events, 
significantly channelled by internal regulatory controls which 
emerge as the melanosomes become programmed to pursue 
their fate through the membrane activities of the outer surface 
[41]. 
The nature of 2 other distinct findings has remained unclar-
ified. First, total melanosomes and melanosomal subfractions 
from B16 melanoma were always more phospholipid-enriched 
than those of HP melanoma. There might be of some relevance 
to the observed differences of biological activities of whole cells; 
the higher contents of phospholipids are found in parallel to 
the growth rate of malignant tumors. B16 melanoma grows 
more rapidly than HP, i.e., at least 4 times higher in in vivo 
and in vitro growth rate (personal observation; unpublished). 
Second, phosphatidylcholine from 2 types of melanosomes was 
found to contain 2-palmitoyl, or l-oleoyl, or 1-linoleoyl species. 
In membrane of animal cells, the positional distribution of fatty 
acids in phospholipids has been known to be I-saturated acyl, 
2-unsaturated acyl type [42] except for some specific tissues 
such as lymphocytes [43,44], lung [45] and retinal membranes 
[46,47]. This asymmetric acyl distribution in phospholipid mol-
ecule is known to be altered in hepa toma [12,16], ascites tumor 
cells [48] and aged cultured cells [49]. Our observation was in 
line with the lipid alterations reported for transformed cells. 
However, a more detailed analysis of molecular species of 
phospholipids in both normal and transformed melanocytes is 
required to define the nature of lipid modification occurring in 
malignant melanoma. 
The authors wish to express deep thanks to Dr. K. Ohno, Department 
of Biochemistry, Sapporo Medical College, for giving critical comments 
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